In order to meet increasingly strict Brazilian COD emissions limits, mills must understand the components that contribute to effluent COD, how these vary between normal mill operation and maintenance shutdowns, and how this variation affects treatment efficiency. To this end, primary and secondary effluents from a Brazilian bleached eucalypt kraft pulp mill activated sludge system were analyzed for COD, lignin, extractives, carbohydrates and AOX over a sixth month period that included two general maintenance shutdowns and four months of normal operation. Primary effluent presented significantly different compositions during periods of normal operation and mill shutdowns. During normal operation, the main components of effluent COD (909 mg/l average) were carbohydrates, followed by lignin. However, the lignin fraction was the main component of secondary effluent COD during both normal operation and mill shutdowns. Higher removal efficiencies for COD carbohydrates and AOX were observed during normal operation compared to shutdowns, while no difference in removal efficiencies of lignin and extractives was observed. Carbohydrate removal efficiency was significantly lower in one of the parallel treatment lines. The different removal efficiencies reflect not only variations in effluent composition, but possibly differences in system operational control which should be explored in greater detail
INTRODUCTION
Brazil is the largest producer and exporter of bleached eucalypt kraft market pulp in the world (Bracelpa 2009).
The pulp and paper industry is considered the sixth largest source of environmental pollution worldwide, behind the oil, cement, leather, textile and steel industries (Ali & Sreekrishnan 2001) . Water pollution is one of the largest concerns in the pulp and paper industry because mills produce large volumes of effluents with high organic loads that are partly recalcitrant and potentially toxic. Until the 1980s the principal concern with regard to release of effluents containing high organic loads was due to depletion of oxygen and effluent treatment systems and receiving water quality were monitored principally with regard to biochemical oxygen demand (BOD) and suspended solids (SS). However, with the implementation of better process control and wastewater treatment systems, concern has shifted to the recalcitrant organic compounds, included in the chemical oxygen demand (COD) not removed during conventional treatment.
Effluent treatment in bleached kraft pulp mills is performed almost exclusively in aerobic biological systems such as activated sludge and aerated lagoons because of the presence of potential inhibitors of anaerobic processes, such as sulphate. These systems are able to reduce BOD by 85-95% but COD by only 40 -80% because of the presence of recalcitrant organic compounds . doi: 10.2166/wst.2010.941 Furthermore, effluent quality and treatment efficiency can be expected to vary during normal mill operations and mill maintenance shutdowns. It is hoped that the results will lead to insights on how to improve treatment system operation at the mill. 
METHODS Effluents
Figure 2 presents a flow diagram of the HL effluent treatment system with sample collection points identified.
Effluents were collected at the entrance to the aeration tanks and overflow of the secondary clarifiers. Ten litre grab samples were collected once a month and shipped to the
Federal University of Viç osa's Water Quality Control
Laboratory (WQCL), where they were stored frozen, under a nitrogen atmosphere until analyzed. Table 1 presents the mill operating conditions on each of the sample collection dates.
Analytical procedures
Effluents were filtered (AP40, Millipore, Billerica, USA) and then characterized by quantifying sum parameters (COD, AOX, lignin, carbohydrates and extractives). AOX, COD and lignin were quantified using the procedures detailed in the Standard Methods (1998). AOX was quantified in an automated analyzer (Euroglas, Delft, Holland). COD was quantified by the closed reflux, colorimetric method.
Lignin was quantified after removal of extractives in dichloromethane, and reaction with Folin-phenol reagent.
Extractives in dichloromethane were analyzed by a gravimetric method (Silvestre et al. 2005) . Carbohydrates were quantified colorimetrically (488 nm) after reaction with phenol in acid medium (10 min, 308C), using the method proposed by Dubois et al. (1956) . AOX and extractives analyses were performed in duplicate at the mill and COD, lignin and carbohydrates were analysed in triplicate at the WQCL.
COD conversion factors (Table 2) proposed by Basta et al. (1996) for eucalypt ECF bleaching effluents were used to convert extractives, lignin and carbohydrates to COD.
This conversion was done to evaluate the applicability of the factors to modern eucalypt kraft pulp mill effluents containing D HT bleaching stage filtrates.
Statistical analysis
Primary and secondary effluent quality during normal operation and mill shutdowns was compared by analysis of variance, followed by comparison of means (a ¼ 0.05, twotailed) of the sample chemical characteristics on each sampling date. Comparisons of effluent quality and treatment efficiency were made between normal operation and mill shutdowns and between activated sludge systems 1 and 2.
RESULTS AND DISCUSSION
COD values of the primary and biologically treated effluent samples are presented in Figure 3 . It is readily apparent components to COD equivalents. Lignin was quantified using the Folin-phenol method that quantifies all aromatic hydroxyl groups that react with the reagent (APHA 1998).
Therefore, partially degraded residual lignin, without intact aromatic rings was not quantified. Furthermore, very low extractives contents were found using the gravimetric method employed at the mill and these values will be confirmed by using another quantification method (Silvé rio Comparison of primary effluent quality during normal operation and maintenance shutdowns (Table 3) Treatment efficiencies during normal operation and maintenance shutdowns in the parallel activated sludge systems (S1 and S2) are compared in Table 4 . Removal efficiencies for COD, carbohydrates and AOX were lower during maintenance shutdowns than during normal operations, whereas removal efficiencies for lignin and extractives were apparently unchanged. The lower overall COD removal efficiency during maintenance shutdowns may be in part due to the altered COD composition (Figure 3 ) that affected its biodegradability. The lignin component, which increased during maintenance shutdowns, and is considered to contribute to the recalcitrant COD in bleached pulp mill effluents (Hewitt et al. 2006) , was removed with equivalent efficiencies during normal operation and maintenance shutdowns. Lower carbohydrate removal efficiencies were observed during maintenance shutdowns, which is probably a reflection of the lower carbohydrate concentration in the primary effluent during these periods (Table 3 ). The lower AOX removal efficiency during maintenance shutdowns also probably reflects the very low AOX values in the primary effluent during these periods (Table 3 ).
The different treatment efficiencies are confirmed by the results in Table 5 , which show that both activated sludge systems produced significantly lower final COD and carbohydrates and higher AOX during normal operation than during maintenance shutdowns. Final effluent lignin levels were lower during normal operation only in system 2.
Comparison of activated sludge systems 1 and 2
showed no significant differences in effluent quality during normal operation but significantly higher values of COD, carbohydrates and lignin in effluents from system 2 than from system 1 during mill shutdowns (Table 5) 
